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(57) Abstract 

Appauntus for Ibet, mwuta^^ . . 

in cylin&iad obiects,' eig. ' papei ti^ (1)1 ml 
appanfiu camprinas a frame (3) placed oo one end 
of the object (1). Tbe appantas fiiitber coatasns: 
gnpping anm (4a, 4b) attacbrd to tbc frame P) and 
to gnp ifae object (1) by il5 drcwmfraeoce, 
allowing the frwme (3) to be attached to the object 
(1), a measnnog ami (8) for measuring Ifae data, 
which is movable aloog the side of the object (1) 
and provided with a distance detector (16) measuring 
the distal^ from the side of tbc object (1) without 
toQcfaiQg it, and which measuring udt (8) is moimted 
on the frame by means of a 6zing ann unt 
14) so as to allow ac^nsimcm of the height of die 
measuring umt and which is pivoced on the frame 
(3) ao as to be movable along a circular path with 
respect to the frame, an angular position transducer 
(15) measuring the posidon of the measaring unit (8) 
along its circular path, an analyzer in the measuring 
umt (8) or in a separate data ^ooesstng umt (20) for 
analyzing ibe measured data, and a display unit in 
die measaring unit for displaying die data. 
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I 

APPARATUS FOR THE MEASUREMENT OF ROUNDNESS IN CYLINDRICAL 
OBJECTS 

The present invention relates to an apparatus for measuring the 
5 roundness of cylindrical objects, e.g. paper rolls, as defined 
in the preaioble of claim 1. 

When the paper rolls coming from the slitter«*winder of a paper 
machine are moved and handled in other ways, they may be 

10 deformed e.g. into an oval shape, so that the paper roll 
received by the customer is no longer as round as when it was 
at the time of leaving the slitter-winder. Especially newsprint 
paper is liable to undergo oval deformations. For this reason, 
it is often necessary to measure the deformations of paper 

15 rolls. 

Roundness can be measured by means of measuring devices 
applicable for this purpose. For instance, an apparatus sold 
under the name Radivarius measures the roundness of a paper 

20 roll by drawing its roundness profile at a distance of 0-160 mm 
from the end of the roll. For the measurement, a hole is cut in 
one of the end covers in the area opposite to the tube and the 
measuring apparatus is mounted in the center core. The 
measuring apparatus has a measuring arm turning on a shaft in 

25 the middle and moving along the circumference of the roll* As 
the measuring arm is moving along the circumference of the 
roll, a drawing device placed in the centre of the roll 
simultaneously draws a line on paper, representing the 
circumference (on a smaller scale) . From this figure, the 

30 roundness of the roll can then be determined. This measuring 
apparatus also measures the eccentricity of the roll. However, 
the apparatus has the drawback that it cannot meas\ire the roll 
at a larger distance from the end, so it does not describe the 
deformations of the roll over the whole length of the latter. 

35 Moreover, using this apparatus to measure a packaged roll means 
that a hole always has to be cut in the end cover opposite to 
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the tube. 

The object of the present invention is to eliminate the draw- 
backs of previously known measuring devices and to achieve a 
5 better electronic measuring apparatus for the measurement of 
roundness in cylindrical objects, e.g. paper rolls. The 
measuring apparatus of the invention has gripping arms which 
hold the roll by its circumference and enable the apparatus to 
be attached to the object. In addition, the apparatus comprises 

10 a measuring unit with a distance detector which circles aroxmd 
the object outside its circumference at different heights and 
measures the distance of the measuring unit from the circumfer- 
ence of the roll without touching it. The measuring unit is 
mounted on a vertical fixing arm which again is mounted on a 

15 horizontal fixing arm in a manner permitting vertical ad«- * 
justment, said horizontal fixing arm being pivoted on the frame 
of the apparatus, which is placed in the centre of the object 
end. The position of the measuring device on the circumference 
of the object is measured by a position transducer placed on 

20 the frame. The measuring unit performs analyses and displays 
the results on a LCD display. It can also be connected to a 
system for fiurther processing the measurement data, e.g.. a PC, 
from which the measurement results can be printed out. Instead 
of using gripping arms, the measuring apparatus can be attached 

25 to the object by means of the pin at its centre. The features 
characteristic of the invention are presented in detail in the 
claims attached. 

Using the apparatus of the invention, oval deformation of the 
30 circumference can be measured very accurately and across the 
entire height of the object. As the distance is measured elec*- 
tronically and without contact e.g. by means of an ultrasonic « 
detector, the measuring unit is accurate and simple in con- 
struction and is not subject to wear. As the apparatus can be 
35 mounted on the object either by means of gripping arms or the 
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centre pin, factors resulting from the ovality of the circum- 
ference and those resulting from the eccentricity of the object 
can be distinguished. When the apparatus is mounted using the 
gripping arms, the package of e.g. a roll need not be broken at 
5 all. 

Moreover, when the gripping arms are used, the apparatus need 
not be accurately centered mechanically on the centre of the 
roll, but the centering is performed by software by means of 
10 the measuring unit. The measurement itself as well as the 
processing of the measurement results are carried out very 
quickly, and the results can be printed in a desired form, e.g. 
as graphics. 

15 In the following, the invention is described in detail by the 
aid of an example by referring to the attached drawings, in 
which 

Fig. 1 presents the apparatus of the invention. 

20 

Fig. 2 shows how the gripping and fixing arms are mounted on 
the frame. ^ .. ..... ..■-•.v.-,-. 

Fig. 3 illustrates graphic presentation of measurement results. 

25 

Fig. 1 shows an apparatus according to the invention for the 
measurement of roundness in a paper roll. The apparatus has a 
round frame 3 which is fastened to the centre of the upper end 
of a paper roll 1 standing in an upright position on a base 2. 

30 Attached to the frame are three telescopic gripping arms, each 
consisting of two parts 4a and 4b and a tightening element 4c, 
the arms being spaced at given distances (120^) from each other 
and provided with gripping jaws 5 (Fig. 2) at their ends. The 
jaws 5 are tightened on the upper edge of the circumference of 

35 the paper roll. Pivoted by means of a fixture 7 on a vertical 
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Shaft 6 attached to the upper edge of the frame 3 is a 
horizontal supporting arm 9 for the measuring unit 8. For 
length adjustment, the supporting arm 9 is provided with holes 
corresponding to pins 10 provided in the fixture 7, allowing 
5 adjustment of the distance of the measuring unit 8 from the 

side of the paper roll l. Attached by means of tightening ' 
elemens 13 to an another fixture 12 placed at the end of the 
horizontal supporting arm 9 is a vertical holding bar 14 whose 
height can be adjusted and which holds a measuring unit 8 
10 placed at its lower end. During measurement, the measuring unit 
8 is rotated manually about the roll 1. 

Placed at the upper end of the shaft 6 of the frame is a pulser 
15 measuring the position of the measuring unit 8 on the 
15 circumference of the paper roll* The distance from the surface 
of the paper roll 1 is measured by means of an ultrasonic 
detector 16 placed at the lower end of the measuring unit 8. 

The power source feeding the measuring unit 8 and the pulser 15 
20 consists of a battery 17 placed on top of the pulser. The 
measuring unit has a microprocessor^based electronics unit for 
the reading, storage, analysis and display of the measured 
data, in addition, it is provided with operating devices 18 
(push buttons, signal lights, e.g. LED, LCD display) required 
25 for the performance of a measurement. Moreover, the apparatus 
has the required cables 19 for connecting the pulser 15 and the 
battery 17 to the measuring unit 8 and for connecting the 
measuring unit 8 when necessary to a PC 20 which can take care 
of the further processing and output of the measurement data 
30 and to which the required plotter etc. can be connected for the 
printing of the results. 

The software used in the measuring unit 8 and the PC 20 
consists of a user interface, a data transfer program, the 
35 algorithms for the processing of the measurement data, and (in 
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a PC only) a program for graphic presentation of the 
measurement data. The algorithms used for the processing of the 
measurement data are based on algorithms known in themselves. 

5 The frame 3 can also be attached to the roll 1 by means of a 
pin 22 (as an alternative to the gripping arms 4a - 4c) which 
is inserted into the tube in the centre of the roll i. 

When the measuring apparatus is mounted on the roll by means of 
10 the gripping arms 4a - 4c, the principle of the algorithm is to 
create a model of the paper roll by performing a mathematical 
fitting of an ideal cylindrical shape into the measured data. 
The roundness information is then calculated in relation to 
this ideal cylinder and the measured data. 

15 

In the calculation, two systems of coordinates can be used: One 
is a coordinate system attached to the measuring apparatus and 
the other a coordinate system attached to the model of the roll 
1. The relationship of location and position between these two 

20 coordinate systems can be indicated e.g. by a method known in 
itself by using a rotation matrix and translation. In this way, 

. the locations of the detectors. , in,. the, cpordinatevsystemwofo-the-- 

roll model can be calculated, and also the deviations from the 
circular form can be calculated and printed out. On the other 

25 hand, if a centre pin 22 is used for the mounting of the 
apparatus, deviations from the circular form are calculated 
using an algorithm in which the coordinate system of the roll 
model is always in the same position and location as the 
coordinate system of the measuring apparatus. 

30 

The roll is measured at different cross-sectional levels (by 
adjusting the height of the measuring unit 8) as follows: 

1. The frame 3 is attached to the paper roll 1. 

35 
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2. The point of measurement is defined e.g. by means of push 
buttons included in the electronics unit. The parameters to be 
given may be e.g. the position of the distance detector 16 in 
the radial direction and its position in the longitudinal 
direction of the roll. 

3. Measurement is started by pressing a "start measurement" 
button provided in the measuring unit 8. The internal LCD 
display indicates the measuring status. 

4. The measurement is carried out by rotating the measuring 
unit 8 around the paper roll 1. When the starting point is 
crossed, the LCD display indicates that the measurement is 
complete, and the measurement data is written into the storage. 
If the measuring unit 8 is rotated too fast, the measurement is 
rejected and the operator is informed about this by the LCD 
display. The measurement has to be started again from the 
beginning. 

5. After a successful measurement, the measuring unit is moved 
to the next measurement level. 

6. After the measurement oVthe roll 1 has been completed, the 
analysis of the measured data is carried out by pushing a 
button in a meastiring unit 8. The deformation information is 
then displayed on the internal display. The results can be 
scrolled by pushing a button in the measuring unit 8. 

7. The measuring unit 8 can also be connected to an external PC 
20. The stored data is then transferred to the memory of the PC 
20 for storage or further processing. Before the data transfer 
is started, the program in the PC 20 asks the operator to 
define the file in which the measurements are to be saved for 
each measurement level in succession. 
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8. When connected to an external PC 20, the result file {= 
deviation file generated by the algorithm) is displayed on the 
screen of the PC 20 in the form of a graphic picture. It can be 
saved in a file selected by the operator and printed out e.g. 
5 on a plotter. Fig. 3 presents a print-out like this, showing 
the height [m] of the measuring unit 8 and the deviation [mm] 
on the vexrtical axis and the position [degree] on the 
horizontal axis. 

10 It is obvious to a person skilled in the art that different 
embodiments of the invention are not restricted to the example 
described above, but that they may instead be varied within the 
scope of the claims presented below. Thus, instead . of an 
ultrasonic detector it is possible to use some other type of 

15 detector measuring distance without contact, e.g. a laser 
detector. Also other cylindrical objects than paper rolls can 
be measured. 
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CLAIMS 

1. Apparatus for the measurement of roundness in cylindrical 
objects, e.g. paper rolls (1), said apparatus comprising 

5 

a frame (3) placed on one end of the object (1), 

characterized in that the apparatus further contains: 

10 gripping arms (4a, 4b) attached to the frame (3) and designed to 
grip the object (1) by its circumference, allowing the frame 
(3) to be attached to the object (1) , 

a measuring unit (8) for measuring the data, which is movable 
15 along the side of the object (1) and provided with a distance 
detector (16) measuring the distance from the side of the 
object (1) without touching it, and which measuring unit (8) is 
mounted on the frame by means of a fixing arm unit (9,14) so as 
to allow adjustment of the height of the measuring unit and 
20 which is pivoted on the frame (3) so as to be movable along a 
circular path with respect to the frame, 

an angular position transducer (15) measuring the position of 
the measuring unit (8) along its circular path, 

25 

an analyzer in the measuring unit (8) or in a separate data 
processing unit (20) for analyzing the measured data, and 

a display unit in tme measuring unit for displaying the data. 

30 

2. Apparatus according to claim 1, oharacterized in that the 
gripping arms (4a, 4b) are of a construction allowing adjustment 
of their length and that their ends are provided with gripping 
heads (5) attachable to the object (1). 

35 
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3, Apparatus according to claim 1, characterized in that the 
fixing arm unit contains a horizontal arm (9) whose length can 
be adjusted, permitting adjustment of the distance of the 
measuring unit (8) from the side of the object (l). 

5 

4. Apparatus according to claim 1, characterized in that the 
frame (3) is provided with a mounting element (22) which can be 
fitted into the tube (21) in the centre of the object (1) and 
by means of which the frame (3) can be alternatively attached 

10 to the object (1) , and that the measuring unit (8) contains two 
algorithms for the processing of the measurement data, one for 
each method of attachment. 
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